Purpose Endotracheal intubation (ETI) of critically ill patients is a high-risk procedure that is commonly performed by resident physicians. Multiple attempts (C2) at intubation have previously been shown to be associated with severe complications. Our goal was to determine the association between year of training, type of residency, and multiple attempts at ETI. Methods This was a cohort study of 191 critically ill patients requiring urgent intubation at two tertiary care teaching hospitals in Vancouver, Canada. Multivariable logistic regression was used to model the association between postgraduate year (PGY) of training and multiple attempts at ETI.
Results
The majority of ETIs were performed for respiratory failure (68.6%) from the hours of 07:00-19:00 (60.7%). Expert supervision was present for 78.5% of the intubations. Multiple attempts at ETI were required in 62%, 48%, and 34% of patients whose initial attempt was performed by PGY-1, PGY-2, and PGY-3 non-anesthesiology residents, respectively. Anesthesiology residents required multiple attempts at ETI in 15% of patients, regardless of the year of training. The multivariable model showed that both higher year of training (risk ratio [RR] 0.74; 95% confidence interval [CI] 0.54-0.93; P \ 0.01) and residency training in anesthesiology (RR 0.52; 95% CI 0.20-1.0; P = 0.05) were independently associated with a decreased risk of multiple intubation attempts. Finally, intubations performed at night were associated with an increased risk of multiple intubation attempts (RR 1.3; 95% CI 1.0-1.4; P = 0.03). Conclusion Year of training, type of residency, and time of day were significantly associated with multiple tracheal intubation attempts in the critical care setting.
Résumé
Objectif L'intubation endotrache´ale (IET) des patients en phase critique est une intervention a`haut risque qui est souvent re´alise´e par les me´decins re´sidents. Il a e´ted e´montre´par le passe´que des tentatives multiples (C2) d'intubation e´taient associe´es a`des complications graves. Notre objectif e´tait de de´terminer l'association entre l'anne´e de formation, le type de re´sidence et les tentatives multiples d'IET. Méthode Cette e´tude de cohorte a examine´191 patients en phase critique ne´cessitant une intubation d'urgence dans deux hôpitaux universitaires de soins tertiaires aV ancouver, au Canada. Une me´thode de re´gression logistique multivarie´e a éte´utilise´e pour illustrer l'association entre l'anne´e de résidence (R) Day-to-day care of patients in academic intensive care units (ICUs) is often provided by postgraduate physiciansin-training (residents) who are under the supervision of attending physicians. Residents provide a range of clinical services in the ICU, including life-saving medical procedures that may be associated with a high risk of complications. One such procedure is endotracheal intubation (ETI). In the operating theatre, ETI is generally performed in controlled circumstances by anesthesiologists and carries a low risk of complications. 1 In contrast, ETI in the ICU is often performed under suboptimal conditions, in patients who have limited physiologic reserve, and by individuals who may have variable levels of expertise in airway management. Up to 54% of critically ill patients who undergo ETI may experience a complication. 2 Even in ICUs where the majority of intubations are performed by highly skilled individuals (experienced anesthesiology residents or staff intensivists), severe life-threatening complications have been reported in 28% of cases. 3 At our institution and in many similar teaching hospitals, many ETIs in critically ill patients are performed by resident physicians who do not have formal training in anesthesiology. Under these conditions, we have found that 39% of ETIs are associated with complications, including severe hypoxemia (19.1%), severe hypotension (9.6%), esophageal intubation (7.4%), and aspiration of gastric contents (5.9%). 4 Furthermore, if multiple (C2) attempts at ETI are required to successfully intubate the patient's trachea, there is a three-fold increased risk of severe complications, including hypotension and hypoxemia. 4 We hypothesized that a lower postgraduate year (PGY) of training and being in a non-anesthesiology residency program are associated with multiple attempts at ETI. The purpose of this study was to assess the extent to which the type and level of training of the resident physician are associated with successful outcomes during ETI. 
Methods

Procedure and data collection
At the beginning of their ICU rotation, the residents receive a lecture on airway management from the attending physician or clinical fellow. The ICU team is responsible for intubations in the ICU as well as for attending to hospital resuscitations outside of the emergency department, operating theatres, and cardiac surgery ICU. The majority of intubations are supervised by the attending staff, ICU fellows, non-intensivist anesthesiologists, or clinical associates. Medications are not standardized and are administered at the discretion of the physicians. After each ETI performed during the study period, the intubating physician completed a standardized web-based data collection form consisting of intubating physician, patient, and procedural information. This web-based form has been used routinely since January 2008 to collect information on intubations in both ICUs. The following data were recorded: year-of-training and residency program of the primary operator, level and specialty of the supervisor (if present during the intubation), indication and location of ETI, equipment used (including type of laryngoscope and blade, end-tidal CO 2 detectors, and medications), use of cricoid pressure (to prevent gastric aspiration), vital signs before the ETI, lowest arterial oxygen saturation (SaO 2 ) and systolic blood pressure (SBP) during each intubation attempt, and vital signs after the procedure (at five and 30 min). Airway physical examination (Mallampati score, 5 mouth opening, 6 thyromental distance, 7 and neck extension), 6 CormackLehane grade, 8 and duration of each attempt at intubation were recorded. We defined an attempt as inserting the laryngoscope into the mouth. Any repositioning or suctioning while maintaining the laryngoscope in position would be counted as a single attempt. Chest radiographs were obtained after all ETIs (part of our daily practice), and demographics, length of stay, acute physiology and chronic health evaluation (APACHE) II scores, and mortality data were obtained from our ICU database. The ETIs we included in our analysis were only those where the initial attempt was performed by a resident.
Statistical considerations
All analyses were completed using Stata 10.0 (StataCorp. 2007, Stata Statistical Software: Release 10, College Station, TX, USA: StataCorp LP). Fisher's exact testing for categorical data and independent t tests for normally distributed continuous data were used for univariate analyses. The Kruskal-Wallis test was used to compare number of ICU days between the three groups (PGY-1, PGY-2, and PGY-3). A complete-case analysis was performed. All tests were two-sided. We considered a P value \ 0.05 level to be statistically significant.
Assuming ten outcome events would be required per covariate of interest in the final model, we required approximately 80 outcome events. Based on our prior study, 4 multiple ETI attempts by non-experts would be required in approximately 40% of intubations. Thus, a total sample of 200 patients would be required. This number was increased to account for repeated tracheal intubation attempts in the same patient and for potential missing data.
Multivariable logistic regression was used to model the association between postgraduate year of training and multiple attempts at ETI (two or more attempts). The following covariates included in the final model were selected a priori based on their potential to confound the exposure outcome relationship: anesthesiology residency program (vs other programs); examination suggestive of difficult intubation (Mallampati grade III or IV, or thyromental distance \2 cm, or mouth opening B2 cm), APACHE II score, age of patient, use of neuromuscular blockers, hospital, and presence of a supervisor. Using univariate logistic regression, linearity in the log-odds of continuous covariates was assessed visually and by comparing the linear with a categorical model (using indicator variables with bins of equal widths) by likelihood ratio testing. This approach resulted in a P value of 0.76 for year-oftraining, indicating that the linear trend model fit the data adequately. Given the high prevalence of our outcome, we applied a correction to approximate the risk ratio from the odds ratio. 9 Finally, effect measure modification was assessed by using the Mantel-Haenzel test of homogeneity.
Results
During the study period, data were collected for 275 ETIs. Fifty-two patients received more than one ETI during the study period, and only their first intubation was included in the analysis. Also excluded were 20 intubations where the first attempt was performed by clinical fellows, clinical associates, or attending physicians and 12 intubations for which there were missing data. Thus, the total cohort analyzed was 191 intubations. There were no deaths recorded during the procedures, although one patient required a surgical airway after two failed attempts at direct laryngoscopy.
The mean age in our cohort was 61.2 years; 37.7% were female, and the mean APACHE II score was 23.5 ( Table 1 ). The majority of ETIs were performed in the ICU Endotracheal intubation in ICU (61.8%). The most common reason for ETI was respiratory failure (68.6%), with 61% of all intubations occurring from 07:00-19:00 hr.
Overall, 13.6% of residents were in an anesthesiology training program (Table 2) . Supervisors were present for 78.5% of the ETIs, but there was less supervision of primary operators who were more senior in their training (P = 0.06). Supervisors consisted of ICU fellows (40%), ICU attendings (20%), non-intensivist anesthesiologists (17%), and clinical associates (16%). Data were missing on supervisor background in 7% of intubations. Direct laryngoscopy was used for the first attempt in 93.2% of ETIs, regardless of the year of training (P = 0.91). Fifty-two percent of patients had at least one physical examination finding suggestive of a potentially difficult tracheal intubation. There was less use of cricoid pressure by residents in the third year of training (P = 0.04). There was no effect modification on the relationship of third year residents and use of cricoid due to the presence of a supervisor (test of homogeneity P = 0.38). There was no relationship between year of residency training and either ICU length of stay (P = 0.65) or patient mortality (P = 0.27).
Overall, multiple attempts at ETI were required by 62% of PGY-1, 44% of PGY-2, and 30% of PGY-3 residents. After excluding anesthesiology residents, this relationship persisted with multiple attempts at ETI required by 62% of PGY-1, 48% of PGY-2, and 34% of PGY-3 non-anesthesiology residents. PGY-2 or PGY-3 anesthesiology residents required multiple attempts in 15% of ETIs regardless of the year of training. Univariate logistic regression model testing for trend demonstrated that each higher year of training was associated with a 26% decreased risk of multiple intubation attempts (risk ratio [RR] 0.74; 95% confidence interval (CI) 0.58-0.91; P \ 0.01). The final multivariable logistic regression model is presented in Table 3 . There was no substantive change in the point estimate for year of training after adjustment for covariates (RR 0.73; 95% CI 0.54-0.93; P \ 0.01). In addition, residency training in anesthesiology was associated with a decreased risk of multiple attempts at intubation (RR 0.52; 95% CI 0.20-1.0; P = 0.05). Finally, intubations performed at night (RR 1.3; 95% CI 1.0-1.4; P = 0.03) and any physical examination finding suggestive of difficult laryngoscopy (RR 1.4; 95% CI 1.2-1.5; P \ 0.01) were both associated with an increased risk of multiple attempts at intubation.
Discussion
In our study, we found that each additional postgraduate year of training and a residency training program in anesthesiology were associated with a decreased risk of multiple attempts at ETI in critically ill patients. In addition, intubations performed at night (19:00-07:00 hr) were associated with an increased risk of multiple intubation attempts. Although not examined in the current study, multiple attempts at ETI have previously been shown to be associated with airway-related 10 and severe cardiopulmonary complications. 4 Our results for centres that have nonanesthesiology residents performing ETI in critically ill patients raise questions regarding the appropriate clinician to perform tracheal intubations in this patient population.
Although our group has previously found that nonexpert operators required significantly more attempts than ''experts'' to intubate the trachea, there was no difference in complications between the two groups. 4 However, in that analysis, we considered intubations performed by both residents and non-residents (ICU consultants, ICU fellows, and clinical associates) and did not examine level of postgraduate training as a predictor variable. The results of the current study add to this existing literature by Hospital mortality, n (%) 74 (38.7) SD = standard deviation; LOC = level of consciousness; IQR = interquartile range; APACHE = acute physiology and chronic health evaluation; ICU = intensive care unit; CNS = central nervous system A. J. Hirsch-Allen et al.
specifically exploring the impact of year of training and success at ETI in an adult population of critically ill patients.
The mechanism by which non-anesthesiology residents improve over the course of their training remains unanswered by this study. Residents certainly accrue technical skills throughout their residency. However, nonanesthesiology residents would not be exposed to significant numbers of ETIs outside of their ICU rotation, as a rotation in anesthesiology was not a training requirement for surgery and internal medicine residents during the study period. Although emergency medicine residents have a dedicated rotation in anesthesia, they made up only 5.7% of our cohort. It may be that internal medicine residents, who make up the majority of the PGY-1 s and PGY-3 s, gain enough experience during their junior rotation to obtain a threshold of greater competency by the time they reach their senior year.
Given that a residency program in anesthesiology was associated with less risk of multiple attempts and intubation; one method to improve success may be to mandate that all ETIs in critically ill patients be performed by individuals with anesthesiology training. However, there may be limited access to such physicians in many institutions, and airway management must be provided by physicians who have various subspecialty backgrounds. Indeed, ETI remains a specific competency of the Royal College of Physicians and Surgeons of Canada objectives RR unad = risk ratio unadjusted; RR adj = risk ratio adjusted; CI = 95% confidence interval; APACHE II = acute physiology and chronic health evaluation. Both the RR unadj and RR adj were obtained by using the correction of the odds ratio as described by Zhang and Yu. 9 Endotracheal intubation in ICU of training for internal medicine. 11 Although ETI is not a specific requirement of the American Board of Internal Medicine, trainees must be competent in Advanced Cardiac Life Support (ACLS) 12 which, according to the 2005 American Heart Association Guidelines, 13 includes use of an advanced airway (e.g., ETI) as a fundamental ACLS skill.
Nevertheless, given the high risk of a difficult intubation 3, 4 and limited physiologic reserve of critically ill patients, 14 the need for minimizing attempts appears prudent. Although non-anesthesiology residents certainly improved with each year of training, PGY-3 s still required multiple attempts at ETI in 34% of cases vs 16% of cases for PGY-3 anesthesiology residents.
How can residents acquire the necessary technical skills to become competent and what constitutes competency? These are questions that apply not only to residency programs but also to maintenance of skills by practicing physicians. Unfortunately for ETI, there is no current uniform standard by which we define competency, and there is no specified number of procedures required to attain competency. Certainly, high-fidelity patient simulation shows promise by demonstrating that experience gained through computerized simulator training improves airway management on scenario-based respiratory arrest assessments. [15] [16] [17] Although it remains unclear if skills acquired through simulation translate to improved clinical performance, simulation may prove to be a valuable means for less experienced operators to improve airway management skills. Finally, there are newer intubation devices, such as the GlidescopeÒ videolaryngoscope (Verathon Medical, Bothell WA, USA) and the AirtraqÒ optical laryngoscope (Prodol Ltd, Vizcaya, Spain) that are associated with improved laryngoscopic views compared with direct laryngoscopy. [18] [19] [20] In addition, videolaryngoscopy has recently been shown to improve intubation success of novice users in the elective operative setting. 21 Further studies are required to determine the definition of ETI competency in critically ill patients and to evaluate the efficacy of these and other training modalities on the acquisition and maintenance of competency for ETI in this patient population.
Finally, intubations performed during the hours of 19:00-07:00 hr were independently associated with an increased risk of multiple attempts at intubation. Although not answered by this present study, it is consistent with studies showing increased medical errors in critical care patients by sleep-deprived residents in both simulator 22 and clinical settings. 23 There are several limitations with the current study. The association between complications and multiple attempts at intubation, the outcome used in our study, has only been demonstrated in two observational studies. 4, 10 It may be that the magnitude of this surrogate outcome is overstated. In addition, a major limitation is that all of the data are selfreported and subject to reporting and recall bias. We have attempted to minimize this bias by using standardized data collection forms that were completed immediately after ETI and by limiting the scope of our outcome data to number of attempts at ETI. In addition, the number of PGY-1 residents was very small, leading to a very imprecise estimate (i.e., wide confidence interval) for this group. However, the linear relationship that persists through all three years of residency training helps mitigate this lack of precision. Although using ten events per covariate to determine sample size helps to ensure stability around our final point estimate, it is not designed to detect meaningful clinical differences between our groups. As we considered only those intubations performed by residents, selection bias could have been introduced because potentially difficult intubations may have been performed by fellows or staff. Similarly, there may be unmeasured confounding, as supervisors may have directed ETIs that appeared to be more difficult to more senior residents. However, this likely would have introduced positive confounding (towards the null), and thus our results may be an underestimate of the true point estimate. In addition, we were unable to examine how the variability in supervision modified the success in endotracheal intubation. This would be an important variable to assess in future studies.
As with all observational research, unmeasured or residual confounding remains an alternative explanation for our results. Finally, the generalizability of these findings is limited to ICUs with similarities to our study in terms of patient profiles, physician expertise, and supervision.
In conclusion, anesthesiology residents were more successful in ETI in the critical care setting than their non-anesthesiology counterparts. For non-anesthesiology residents, there was an inverse relationship between number of years of training and risk of multiple attempts at intubation. Future research should be directed towards evaluating methods to improve performance during ETI, especially by junior and non-anesthesiology residents.
